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My invention pr0vides an economical and rapid 
process for resolving petroleum emu/sions of the 
Water-in-ofl type that are commonly referred fo 
as "cut oil," "roi]y off/' "'emu/sified off," etc., and 
which comprise fine droplets of naturally-occur- 5 
ring waters or brines dispersed in a more or less 
permRnent state throughout the off which con- 
stitutes the continuous phase of the ernulsion. 
If also provides an economical and rapid proc- 
ess for separating emu/sions which hae ïoeen Rte- 10 
pared under controIled conditions from mineral 
off, such as crude off and relatively sort waters 
or weak brines. Controlled em.ulsification and 
suïosequent demu/sification under the conditions 
just mentioned are oï significant value in re- 15 
moving impurities, particu/arly inorganic salts, 
from pipeline off. 
Demu/sification as contemplated in the present 
application incindes the preventive step of com- 
mingling the demu/sifier with the aqueous coin- 20 
ponent which wou/d m" might subsequently be- 
corne either phase of .the emu/sion in the ab- 
sence of such precautionary measure. Similarly, 
such demulsifier may be mixed wïth the hydro- 
carlon componen. 25 
The demulsifyin agent employed in the pres- 
ent process is a fractional ester salt of a tri- 
basie acid in wlfich two carboxyl radicals appear 
in ester form and a su/fo radical appears in a 
salt form. Such compounds are derived prefer- S0 
ïoly by reaction between three types of reagents; 
() polypropylene glycol of a molecu/ar weight 
sufficient to give water-insolubflity and kerosene- 
so]uïoility, genera]ly being in the molecular 
weight range of 750 fo approximately 3,OO0; () 35 
a dicarboxy compound selected from the class 
consisting of maleic acid (or anhydride), citra- 
conlc acid (or anhydride), and fumaric acid; 
and (c) an alkali metal bisu/fite such as sodium 
bisu/flte or potassium bisu/fite. 40 
The preparation of the demu/sffying agent in- 
vo]ves suïostantially two steps: (). Esterification 
between two mo]es of the p01ypropylene glycol 
and one mole of a dicarboxy compound such as 
maleic anhydride, and (B) reaction of Such frac- 45 
tional ester with a suitable a]kali metal bisu/fite 
such as sodium bisu/fite. 
More specifically then the present invention is 
concerned with a process for breaking petroleum 
emu/sions of the water-in-ofl type characterized 50 
by su1jecting the emu/sion to the action of a 
demu/sifler including hydrophile s=nt_h.çti c r0.d. 

ucts; said hydrophile synthetic prod,uc%s bëng 
characteized by the following 
o H o 
] 0 (C]O.),C--RC ( 0 CHO  0] 
 0Na 
in which 
o o 
is the divalent radical of ,an unsaturated di- 
carboxy acid selected from the class consisting 
of maleic acid, fumaric acid, and citraconic acid, 
and n is a whole number varying fr0m 1-2 fo 80, 
and with the proviso that the.polypropylene gty 
col prior fo esterification be water-insòluble and 
kerosene-soluble. .  - - 
In the above formul the alkali ruerai caïbn 
is shown as sodium  which is the Cheapest an 
most readily available. Needless fo say,any other 
alkali metal cation, such as potassium, may ]Je 
employed in the £orm of potassium .bisulfite and 
is included in the hereto attached claires asthe 
obvious chemical equ/valent. Simflarly,- ammo- 
ninm isulfite may be employed instead of sodium 
or potassium bisu/flte. This applies aiso fo a 
bisulfite of various organic bases provided, of 
course, that such 'bases prior to forming a su/rite 
are as basic as ammonia and tha the su/rite 
water-soluble. Ail these are the 0bvious func: 
tional equ/va!ents of sodium .bisu/fite. The pro- 
cedure is fllustrated by the foll0wing example: 
Exam'ple 1 
in a reaction fiask there Were placed 8 grams 
of maleic anhydride, 305 grains of propylene 
glycol 2025 (molal ratio of glycol fo anhydri¢e 
2:1) along with approximtely 1% of toluene 
sulfonic acid. In this instance .3 grains were 
used. There was also added 50 cc. of xylene. 
tteat was applied and refiuxing permitted 
continue for about three hours. The maximum 
temperature during the reflux period was 
proximately 145 ° C. The amount of .water 
which distilled over was about 1 ce. At the end 
of the reaction there was stfll a slight acidity 
due fo uncombined maleic acid radicals and the 
presence of the acid catalyst. A small amout 
of 30% aqueous caustic soda was addedunil 
sufficient had been introduced to neutralize the 
free su/fonic acid radicals and the free car- 
boxylic acid radicals. After this adustment, '8 
grains of powdered sodium bisulfite were added. 



3 
Apparentiy enough water had been added along 
with the caustic soda to dissolve ai least part 
of the sodium bisulflte so that further addition 
of water was hot required. Needless to say, if 
no caustic soda solution was used fo neutralize 
the acidity, then a littie water should be added 
fo dissolve ai least part or all of the sodium bi- 
sulfite so as to givi a saturated solution. The 
reaction mixture was stirred and heated for 3 
hours. No effort was marie fo have any refiux 
take place during this stage of the reaction for 
the obvious reason that if water were removed 
and the sodium bisulfite were anhydrous there 
would be littie or no opportunity for reaction. 
This was necessary also for the reason that 
sodium bisulflte begins to decompose at about 
100 ° C. and this reaction obviously must be con- 
ducted ai a suitable temperature until the so- 
dium bisulflte has combined. Thereafter the 
xylene can be distilled over in the usual manner, 
removing any water wlth if and all the xylene 
can be removed by distillation, particularly vac- 
uum distillation. 
The saine procedure was followed in connec- 
tion with a number, of additional samples, all 
of which are fllustrated in the following table 
which gives the réactants, amounts employed, 
temperature of esteriflcation, etc. 
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amounts can be used, for instance, ½% or 
based on amount of glycol, provided, however, 
that the esterification rime is extended some- 
what. 
5 The products obtained are comparable to the 
initial glycol in appearance, etc., i. e., usually 
they are an amber color or ai least of a slight 
straw color, and offert somewhat thicker ttian 
the original glycol. This description, of course, 
10 applies fo materials after the removal of the 
solvent, i. e., the xylene. For use as demulsi- 
 fiers there is no need fo remove the xylene and it 
may remain behind. Obviously other liquids 
than xylene may be used in esterification pro- 
15 cedure. However, if the boiling point is any 
higher than xylene there is danger that decom- 
position may take place unless the amount of 
sulfonic acid isreduced. Other catalysts such 
as a small amount of dry hydrochloric acid can 
.20 
be used but if appears less desirable than the 
sulîonic acid. Needless fo say, the caustic soda 
solution used neutralizes the sulfonic acid cata- 
lyst present. 
z5 The equipment used in esterification pro- 
ceàure is a resin pot of the kind described in 
U. S. Patent No. 2,499,370, dated Match 7, 1950, 
fo De Groote and Keiser. Any conventional 

VI. W. of 
Polypro- 
pylene 
glycol 

2, O25 
725 
1, 025 
2, 525 
1,525 
2, O25 
725 
1, 025 
2, 525 
1, 525 

Amt. 
Used 
3O5 
115 
155 
375 
23O 
3O0 
115 
155 
375 
23O 

Di-carboxy Reactant 

Ami. 
Used 
(grs.) 

Xylene 
(ccm.) 

8 5O 
8 40 
8 43 
8 6O 
8 45 
9 50 
9 40 
9 43 
9 6O 
9 45 

Esterifl- 
cation 
Temp. 
(oc.) 

145 
140 
139 
143 
140 
142 
139 
144 
145 
140 

Esterifl- 
cation 
Mme 
(hrs.) 

Sod. 
Bisul- 
rite 
(grs.) 

Reac- 
tion 
Temp., 

80-95 
8O-95 
80-95 
8O-95 
8O-95 
80-95 
8O-95 
8O-95 
80-95 
8O-95 

tion 
Time 
(hrs.) 

3 
4 
4 
3 
4 
4 

Polypropylene glycols are commercially avail- 
able. Such polypropylene glycols are furnished 
in various molecular weight ranges. The water- 
insoluble, kerosene-soluble polypropylene glycols 
begin in the molecular weight range somewhere 
above 500, and more speciflcally, ai about 700 
or 750. The molecular weight was usually deter- 
mined by the hydroxyl method. Such hydroxyl 
molecular weight is a fraction, sometimes a 
large major fraction, of the theoretical molec- 
ular weight based on tle method of synthesis, 
i. e., the calculated molecular weight based 
theoret.ically on the value one would expect fo 
obtain by treating water or propylene glycol, 
.for example, with propylene oxide. Needless 
to say, one does not obtain a single compound 
but a propylene glycol of a molecular weight 
ratio of 750 or 1,000 or 2,000 as the case may 
be, and really represents a cogeneric mixture 
whose statistical average molecular weight is the 
one indicated. Reference in the table is, of 
course, to hydroxyl value molecular weight for 
.the obvlous reason that this is the basis for cal- 
culating the amount of reactants required. 
In all instances a small amount of 30% caustic 
soda solution was used as in the more com- 
plete description of Example 1; and also an 
amount of toluene sulfonic acid, approximately 
1% of the weight of the giycol, or slightly less, 
. was used in .the esteriflcation step. The larger 
amount stiould not be used because there may 
be decomposition of the glycoL s_.mller 

equipment can be used, either on a.small scale, 
45 pilot plant scale, or larger scale. 
In the various examples preceding only one 
glycol has been used in these cases. Actually 
there is no reason why one may not use two dif- 
ferent glycols, for instance, an equimolar mixture 
50 of two glycols, one for example having a' molecu- 
1af weight of 2000 and the other 3000; or one hav- 
ing a molecular weight of 1500 and the other 
2500.. Actually these glycols are cogeneric mix- 
tures at each selected molecular weight. If one 
55 does make a mixture of the kind here described 
actually three types of compounds will appear, 
- one type in which both carboxyl radicals of the 
polycarboxy acid are joined with the higher 
molecular weight glycol, one tYpe where both 
6O carboxyls are joined with the lower molecular 
weight glycol, and one type where one carboxyl 
is united to a higher molecular weight glycol and 
the other one to a lower molecular weight glycol. 
The products so obtained are peculiar (a) inso- 
65 far that there is not present any radical having 
8 or more uniniterrupted carbon atoms, and (b) 
the compounds are hOt particularly effective as 
surface-active agents in the ordinary sense due 
either fo the large molecular size or the absence 
70 of a hydrophobe radical of the kind previously 
referred fo, or for. some other reason which is 
obscure. The chemical compounds herein em- 
ployed as demulsiflers have molecu!ar weights 
.varying from more than 1000 up to several 
75 thousands, for instance, 5000,6000 or 7000, and 



yet contain oniy one sulfo radical Utilit .Of 
such compounds for industrial uses ts tacher un- 
usual. They are hot effective emusifying agents 
but are useful for other purposes. For example, 
they are valuable as an additive or a promoter of 
emulsions. These compounds also haro hydro- 
tropic property and serve as common Solvents in 
the preparation of micellar solutions. Itis t0 be 
noted that they are free from terminal Carboxyl 
radicals and thus differ from reagents obtained, 
for example, by treating one mole of a high 
molal polypropylene g]ycol wîth 2 moles of a di- 
carboxy acid. Itis probable these reagents, due 
fo their peculiar structure and their peculiar 
so!ubility characteristics, will final utility in othm" 
fietds of application now unknown. 
Conventional demulsifyïng agents employed in 
the treatment of oit fleld emulsions are used as 
such, or after dilution vith any suitable solvent, 
such as water, petroleum hydrocarbons, such as 
benzene, toluene, xylene, far acid off, cresot, 
anthracene oit, etc. Alcohols, parçicularly ali- 
phatIc alcohols, such as methyl alcohoL ethyl al- 
cohol, denatured alcohol, propyl alcohol, butyl 
alcohol, hexyl alcohot, octyl alcohol, etc., may be 
employed as dfluents. Misellaneous solvents such 
as pine off, carbon tetrachloride, su]fur dioxide 
extract obtained in the rening of petroleum, 
etc., may be employed as dilunts. Similarly, he 
material or materials employed as the demulsify- 
ing agent of my process may be admixed with one 
or more of the solvents customarily used in con- 
nection with conventional demulsifying agents. 
Moreover, said material or materials may be used 
alone or in admixture with other suitable well- 
known classes or demulsifying agents. 
It is well known that conventional demulsify 
ing agents may be used in a water-soluble form, 
or in an off-soluble fmun, or in a form exhibiting 
both off- and water-solubility. Sometimes they 
may be used in a form which exhibits relatively 
limited oil-solubility. However, since such re- 
. agents are frequently used in a ratio of 1 fo 10 000 
or 1 to 20,000, or 1 fo 30,000, or even 1 to 40,000, 
or 1 fo 50,000 as in desalting practice, such an 
apparent insolubility in off and water is hot 
significant because said reagents undoubtedly 
bave s01ubility within such concentrations. This 
same fact is true in regard fo the material or 
materials employed as the demulsifying agent of 
my process. 
 In practicing my process for resolving petro- 
leum emulsions of the water-in-oil type, a treat- 
ing agent or demulsifying agent of the kind above 
described is brought into contact with or caused 
to act upon the emulsion fo be treated, in any of 
the various apparatus now generally used fo re- 
solve or break petroleum emulsions with a chemi- 
cal reagent, the above procedure being used alone 
or in combination with other demu]sifying pro- 
cedure, such as the electrical dehydration process. 
One type of procedure is fo accumulate a 
volume of emulsified off in a tank and conduct a 
batch treatment type of demulsification procedure 
fo recover clean off. In this procedure the emu]- 
sion is admixed with the demu]sifier, for example 
by agitating the tank of emulsion and slowly drip- 
ping demuIsifler into the emulsien. In some cases 
mixing is achieved by heating the emulsion while 
dripping in the demulsifier, depending upon the 
convection currents in the emulsion to produce 
satisfactory admixture. In a third modification 
of this type of treatment, a circulating pump 
withdraws emulsion from, e. g., the bottom of the 
tank, and reintroduces it into the top of the tank, 

the demulsifler being added, for exarnple, a the 
suction side of said circulating pump. 
In a second type of treating procedure, the 
demulsifier is introduced into the well fluids at the 
5 well-head or ai some point between the well- 
head and the final oil storage tank, by means of 
an adjustable proportionïng mechanism or pro- 
portioning pump. Ordinarily the flow of fluids 
through the subsequent lines and fittings suffices 
10 to produce the desired degree of mixing of de- 
mu]sifier and emulsion, although in some in- 
stances additional mixing devices may be intr0- 
duced into the flow system. n this general pro- 
cedure, the system may include various mechani- 
t5 cal devices for withdrawîng free water, separating 
entraïned waçer, or accomplishirig quiescent 
tling of the chemicalized emulsion. Heating de- 
vices may likewïse be incorporated in any of the 
treating procedures described.heréin. 
20 A hird tpe of application (down-the-hole) 
of demulslfler fo emulsion is to introduce the.de, 
mu]strier either !oeriodiclly or 'continuously in 
diluted or undiluted orm ïnto the well and to 
allow i to come to the surface with the well 
25 fluids, and then to flow the chemicalized emulsion 
through any desirable surface equipment, uch ïs 
empoyed in the other treating procedures. his 
particu]ar type of application is decidedlyuse- 
ful when the demu]shïer is used in connection 
30 with acidification of calcareous ofl-bearing 
strata, espeCially if suspended in or dissolved in 
the acid emptoyed for acidification. - " ' 
In all cases, it will be apparent from the fore- 
going description, the broad proces3 consists 
35 simply in introducing a relatively small propor- 
tion of demulsifler into a relatively large pro- 
portion of emulsion, admixing the chemical and 
emulsion either through natural flow or through 
special apparatus, with Or without the application 
40 of boat, and allowing the mixture fo stand quies- 
cent until the undesirable water content of the 
emulsion separates and setties from the mass. 
The following is a typical installation. 
A reservoir fo hold the demu]sifier of the kind 
45 described (diluted or undiluted) ris placed ai the 
well-head where the euent liquids leave the 
well. This reservoir or container, which may 
vary from 5 gallons fo 50 gallons for conven- 
ience, is connected to a proportioning pump 
50 which injects the demulsifier drop-wise into the 
fluids leaving the well. Such chemicalized fluids 
pass through the fiowline into a settling tank. 
The settling tank consists of a ank of any con- 
renient size, for instance, one which wil hold 
55 amounts of fiuid produced in 4 to 24 hours (500 
barreis' to 2000 barrels' capacity), and in which 
there is a perpendicular conduit from the top 
of the tank fo amost the very bottom so as to 
permit the incoming fluids fo pass from the top 
0 of the settling tank fo the bottom, so that such 
incoming fluids do not disturb stratiflcation 
which takes place during the course of demulsi- 
flcation. The settling tank has two outlets, one 
being below the water level fo drain off the 
 water resulting from demulsification or accom- 
panying the emulsion as free water, the other 
being an off entier at the top fo permit the 
passage of dehydrated off fo a second tank, being 
a storage tank, which holds pipeline or dehy- 
70 drated off. If desired, the conduit or pipe which 
serves fo carry the fluids from the well to the 
settling tank may include a section of pipe with 
baes to serve as a mixer, fo insure thorough 
distribution of the demulsifler throughout the 
 fluids, or a heater for raising the temperature 
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of the flttids fo some conventeni temperature, 
for instance, 120 ° to160 ° F., or both heater and 
mixer. 
Demulsiflcation procedure is started by simply 
setting the pump so as to feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
As soon as a complete "break" or satisfactory de- 
mulsiflcation is obtained, the pump is regulated 
until experience shows that the amount of de- 
mulsifier being added is just suflicient to pro- 
duce clean or dehydrated off. The amount being 
fed at such stage is usually 1:10,000, 1:15,000, 
1:20,000, or the like. 
In many instances the products herein speci- 
fied as demulsiflers can be conveniently used 
without dilution. However, as previously noted, 
they may be diluted as desired with any suitable 
solvent. For instance, by mixing 75 parts by 
weight of such derivative, for example, the pro- 
duct of Example 1 :with 15 parts by weight of 
xylene and 10 parts by weight of isopropyl alcohol, 
an excellent demulsifler is obtained. Selection of 
the solvent wfll vary, depending upon the solu- 
bility characteristics of the oxyalkylated product, 
and of course will be dictated in part by economic 
considerations, i. e., cost. 
As noted above, the products herein described 
may be used hot only in diluted form, but also 
may be used admixed with some other chemical 
demulsifier. 
Having thus described my invention what I 
claim as new and desire fo secure by Letters 
Patent, is: 
1. A process for breaking petroleum emul- 
sions of the water-in-oil type characterized by 
subjecting the emulsion to the action of a demul- 
sifler including hydropile synthetic products; 
said hydropile synthetic products being charac- 
terized by the following formula: 
o H O 
ONa 

in which 

8 
is the divalent radical of an unsaturated dicar- 
boxy acid selected from the class consisting of 
maleic .acid, fumaric acid, and citraconic acid, 
and n is a whole number varying from 12 to 80, 
5 and withthe proviso that the corresponding poly- 
propylene glycol of the formula HO(C3H60)H 
be water-insoluble.and kerosene-soluble. 
2. The process of claim 1 wherein the dicar- 
boxy acid is maleic acid. 
10 3. The process of claim 1 wherein the dicar- 
boxy acid is maleic acid and the value of n cor- 
responds to a polypropylene glycol of approxi- 
mately 700 molecular weight. 
4. The process of claim 1 wherein the dicar- 
15 boxy acid is maleic acid and the value of n cor- 
responds fo a polypropylene glycol of approxi- 
mately 1000 molecular we]ght. 
5.. The process of claire 1 v¢herein the dicar- 
boxy acid is maleic acid and the value of. n cor- 
20 responds, to a polypropylene glycol of approxi- 
mately 1500 molecular weight. 
.6. The process of claire 1 wherein the dicar- 
boxy acid is maleic acid and the value of.n cor- 
responds to a polypropylene glycol of approxi- 
25 mately 2000 molecular weight.. - 
7. The process of claim 1 wherein the dicar- 
boxy acid is maleic acid and the value of n cor- 
responds fo a polypropylene glycol of approxi- 
mately 2500 molecular weight. 
30 
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